The aim of the author is to present the methodology of reconstruction of the Old-Polish transport network as exemplified by the historic Lublin Voivodship. The author discusses the research method and procedure of reconstructing the road routes and locations of transport facilities on the basis of text sources and old maps of varied content and geometric accuracy. The adopted methodology uses GIS tools to analyse and verify data from both cartographic and descriptive sources. The analysis is based on the retrogressive approach, as most of the cartographically reliable sources come from the early 19th century.
Introduction
The task of recreating the layout of a road network is an interdisciplinary endeavour that requires employment of tools and skills from several scientific fields, such as cartography, geography, history, archaeology, toponomastics, and transport theory (E. Siemianowska 2012; J. Tyszkiewicz 2014) . The interdisciplinary approach is needed because the issue in question is very complex. The transport network consists of two main elements: 1) roads: -land routes, understood mostly as main (public) roads;
-waterways, understood as legally defined navigable rivers;
2) transport facilities understood as permanent elements of the road infrastructure without which movement of people and vehicles would not be possible (W. Ratajczak 1999; J. Tyszkiewicz 2014) .
Identification of the transport network would not be possible without access to available and varied historical and geographical sources, just as its reconstruction would not come to pass without the right methodology.
The here described methodology makes it possible to recreate the layout of the transport network from the second half of the 18th century. In the author's opinion, this is the only period with rich enough source materials to allow for a relatively reliable and accurate analysis of the transport network of the Old Poland era. The partitions of Polish territory introduced great changes to the transport network of the country. Over the years, the partitioners introduced numerous road legislations regulating the process of construction and maintaining roads on the central level, which led to a systematic expansion of land and waterway connections, changing the Old-Polish transport system (R. Kowalczyk 2004) .
Sources and research methods
There is a clear interdependence between the source base (especially its cartographic part) and the methodology of reconstruction of the transport network layout. In Poland, the discussion on the research potential of sources for the transport network reconstruction has been on-going for nearly a hundred years. Karol Buczek (1930) claimed that even the most perfect text can never match the content value of a cartographic work. For obvious reasons, this opinion requires some clarification. In the absence of reliable old maps, it might seem more appropriate to take a different approach. For instance, A. Janeczek (2013, p. 24) claimed that "the sources relevant for the period in question should be the basis for any reconstruction". At the same time, he indicated that the written and archaeological sources should be given the priority and positioned historic maps as auxiliary sources used retrospectively to reconstruct road geometry for the Old Poland era. Some researchers remain doubtful about such treatment of cartographic materials created after the analysed period, asking whether "it does not undermine the very concept of the retrogressive method" (B. Szady 2018, p. 137) .
Despite assigning the highest value to written sources, A. Janeczek (2013, p. 24) emphasised also that "the map must be the basis of analyses, a tool which allows to place individual references within space, an auxiliary means for resolving doubts [...] and a basis for merging dispersed, fragmentary [...] information into one coherent image." Nevertheless, it cannot be used as an independent source, and the image reproduced on its basis should be verified with different kind of sources.
No single type of sources should be favoured in the context of reconstruction of the transport network, as no source data should be treated as certain if it was not first verified by crosschecking information on the basis of different types of sources. The rule applies also to information concerning localization of roads and transport facilities on maps.
The primary source covered by the query was the 1:225,000 Special Map of the Lublin Voivodship of Charles Perthées (Polish: Mappa szczegulna województwa lubelskiego) drawn in 1786 (hereinafter: Special Map of the Lublin Voivodship of C. Perthées).
The following maps were used as reference and comparative materials:
-the 1:28,800 hand- Modern digital data -Digital Terrain Models (DTM) derived from the ALS (Airborne Laser Scanning) data -were treated as cartographic sources. This type of data is commonly used in archaeology as a non-invasive method of researching cultural monuments, as it allow to identify elements of the transport network, even in wooded areas (A. Affek 2014; Ł. Banaszek 2014; M. Szilágyi 2014).
Written sources were divided into descriptive and statistical ones, with the two groups represented both by hand-written and printed materials. The varied source basis results from the need to search for information scattered among materials which differ in terms of their provenance, typology and age. The most important source used for recreation of the main road network was the Geographical and Sta- Góralski 1956) . The press of the period, foremost issues of Dziennik Handlowy 2 [Trade Journal], was used to describe postal connections of the analysed area (M. Zawadzki 2018 ). An analysis of statistical sources, whose extracts can be found in the so-called Buczek Catalogue, was used as a supplementary material 3 .
Description of the research method
Any study of a cultural landscape, which includes roads, requires the use of natural, humanistic, social and technical sciences (D. , as the research subject is multi-faceted and thus necessitates employment of an interdisciplinary approach. This is also true in the case of contemporary historical geography and its methods (B. Szady 2012a, 2018).
The retrogressive method, which allows to determine earlier facts on the basis of later facts, is the basic research method used to reconstruct the representation of the transport network. Its use is motivated by the lack of cartometric maps from the Old Poland period showing the layout of roads in the analysed area. What is more, if we take into account the assumption that until the early 19th century the routes marked by roads had the tendency to remain fairly stable (H. Rutkowski 1993) , the use of retrogression becomes even more justified. The method of chronological comparisons has been developed in Poland for almost a hundred years (W. Semkowicz 1925; S. Arnold 1929; T. Wąsowiczówna 1953 Wąsowiczówna , 1959 Wąsowiczówna , 1964 . The main disadvantages of the method are related to the doubts concerning correctness of the results obtained on the basis of materials which are chronologically distant from one anothere.g. when data from the beginning of the 19th century is used to reconstruct the road system from the second half of the 16th century.
However, the limitations of the method have been acknowledged, with researchers emphasising the uncertain nature of the result data (H. Rutkowski 1973; A. Janeczek 2013; O. Karsvall 2013; T. Związek 2017; B. Szady 2018) .
When this method is used to reconstruct the layout of the transport network from the second half of the 18th century on the basis of data from the beginning of the 19th century, there is a temptation to uncritically transfer road connections from the old map. Still, the retrogression's drawbacks suggest that caution should be exercised also for analyses involving periods which are closer to the dates for which cartometric cartographic sources already exist.
The method of recording the geometry of historical roads in the research process constitutes an important problem. It is a consequence of the above-mentioned lack of cartometric maps from the analysed period. T. Panecki (2015 Panecki ( , 2018 suggests that the issue could be solved by using so-called retrogressive topology, which is based on the idea of harmonization of historical road lines with the geometry of the cartometric map or BDOT10K 4 .
Reconstruction of the transport network on the basis of cartographic sources requires using a cartographic research method that allows for description and analysis of maps, and, consequently, for the scientific understanding of phenomena (L. Ratajski 1989; J. Pasławski 2010) . The research process includes such elements as a direct analysis of selected maps by means of joint analyses of cartographic sources representing various periods and scales (J. Kuna 2018) .
Reconstruction of the transport network requires assigning of its various hierarchy elements. It requires application of quantitative methods used for studying socio-economic phenomena, including the statistical method, which makes it possible to, e.g. describe phenomena and determine the degree of their interdependence. For instance, application of the Pearson's correlation coefficient allows to determine the degree of correlation between various phenomena (A. Stanisz 2006), e.g. correlation between settlements and the density of the road network.
Selection of the cartographic reference source
The oldest particular topographic maps are the starting point for retrogressive research including methods employed by natural sciences, as well as archaeological research and written historical sources (B. Szady 2018). The materials used for reconstruction of the road geometry and identification of the location of elements of the cultural landscape for the Old Poland era are cartographic sources from the 19th and 20th centuries. The map chosen as the base map for the reconstruction of the transport network has to be a source which is in the smallest possible way affected by the 19th-century changes of the road system. According to T. Związek (2017), the road system remained relatively stable and inertial, compared to the previous centuries, until the end of the 18th century. The beginning of the 19th century brought with it the progressive industrialization of Central Europe which caused noticeable changes in the cartographic image recorded on the maps from that period ( fig. 1) (Z. Budzyński 2013) .
The assessment of the retrogressive potential of selected cartographic sources was carried out using the comparative visual analysis method. Four historic maps were compared and confronted to reconstruct the transport network of the Lublin Voivodship: hereinafter: the Special Map of the Lublin Voivodship of C. Perthées, Heldensfeld's map of Western Galicia, the Quartermaster's Map, and the MGI Tactical Map. Despite their different scales, the maps depict the courses of main roads, making it possible to capture any changes in their layout (fig. 2) .
The analyses revealed that the layout of the road network presented on the Heldensfeld's map of Western Galicia is in its most general form consistent with the road system depicted on the Special Map of the Lublin Voivodship of C. Perthées. This map is chronologically closest to the analysed period and does not present significant changes in the road system, unlike the Quartermaster's Map (P. Cebrykow 2015). Subsequent changes noted on the Quartermaster's Map result from the demarcation of improved roads, which replaced older routes, which was confi rmed by visual comparative analyses (fi g. 3).
Registration of source information
The use of the GIS environment to develop databases with spatial reference made it possible to standardise information taken from different types of sources and achieve a common deno minator, i.e. spatial relations in a measurable reference system (Z. Kuna 2018) . Standardization of data was carried out in a manner which incorporated the concept of the meta-object proposed by T. Panecki (2015 Panecki ( , 2018 . The existence of objects was verifi ed on the basis of the 18th-century descriptive sources. The locations and courses of individual roads and waterways, i.e. the elements of the transport network, were determined on the basis of later cartographic sources.
The process of recreating the image of the transport network began with the registration of selected elements of the cultural landscape. Depending on the cartometric nature of individual maps, the analysis was conducted with the help of one of the following two approaches which identifi ed the map as either 1) a source of information on the existence of an anthropogenic element or 2) as a source of information about the existence of an anthropogenic element and the location, course and shape of the object.
The fi rst approach was adopted in the analysis of the Special Map of the Lublin Voivodship of C. Perthées, which allowed for initial identifi cation of navigable rivers and road connections between settlement units. What is more, the map was also used to catalogue such selected elements of the transport infrastructure as mills, taverns, customs houses, causeways and postal service stations. The Heldensfeld's Map of Western Galicia and the Quartermaster's Map were used retrogressively to determine road geometry and verify or reproduce the image of selected elements of the historic anthropogenic landscape. The same sources were used to supplement information on waterways and recreate or identify more closely the location of such cultural landscape objects, as taverns, mills, bridges, transfers, causeways, and customs houses. The courses of selected navigable roads and rivers were verified with the help of the MGI Tactical Map.
Harmonization of source information into critically verified information
Reconstruction of the transport network required a well-organised research process, which was ultimately divided into five cyclical steps ( fig. 4) :
1) preliminary identification of the object, 2) verification of the existence of object, 3) determination of geometrical parameters of object, 4) verification of object's geometrical parameters of object, 5) validation in the database.
In the first step, the Special Map of the Lublin Voivodship of C. Perthées was used to perform the preliminary identification of the main road connections (high roads and postal roads) between settlement units and the location of transport facilities. As the map contains imprecise representation of the geographical landscape elements, its information content was used only to indicate or verify the existence of the analysed part of the landscape. This means that the map was used as a historical source which contained more information on existence and features of objects than their topographic locations, shapes or courses 5 . 5 The Special Map of the Lublin Voivodship of C. Perthées was created on the basis of so-called itineraries (Polish: itineraria) (descriptions of roads with information on the distance between settlement units) and the accounts of local people (R. Rutkowski 2014) . As a historical source, it has a higher informative than cartographic value (B. Szady 2012b). Identification of road connections on the map should be done with great care, as, according to K. Buczek (1963) , the road network shown on the map is "dense, but far from perfect [...] , based on the location of localities". H. Rutkowski (2014) noted that the location of almost all localities is in fact inaccurate. B. Szady (2012b) conducted a detailed analysis of the Special Map's content (excluding elements of the geographical environment and the road network) and its cartometric accuracy, which revealed that the map includes numerous Still, the special map of 1796 remains the basic source confirming the existence of transport routes in the Lublin Voivodship in the second half of the 18th century. However, due to its significant inaccuracies, the geometrical parameters of the transport network elements errors. The most significant inaccuracies relate to the location of localities (which are moved on average 7787 metres to the west). The significant level of inaccuracy of the map does not allow for its direct use in reconstruction of the cultural landscape. This drawback of the map is a result of the method used for its creation. According to K. Buczek (1963) , the special maps were the only maps of large areas which were made by a person who had never personally seen the mapped area. required verifi cation and further research with the help of sources and materials created in a similar period (mostly later) (fi g. 5).
Considering the map's inaccuracies, the next stage of the process consisted of verifi cation of the existence of road connections and their ranks on the basis of descriptive sources. The Geographical and Statistical Description of Parishes was the main reference source for this verifi cation. The information it contained was used to confi rm whether connections recorded on the map of the Lublin Voivodship really existed. After the verifi cation, information on the way the road was presented in the source was recorded in the database (reference number and information on the label) (fi g. 6).
The rank of the road and the detailed course of its sections were verifi ed with the help of other written sources. The Bridge and Causeway Tariff was used to verify the course of the routes. If there were many potential variants of the road connection between any two localities, it was assumed that the variant which included transport facilities (causeways, bridges, and transport facilities (causeways, bridges, and transfers) was the road connection which was actually used in the second half of the 18th century. Furthermore, the Bridge and Causeway Tariff was used to assign the type of road connection to the road geometry, while the course and length of postal roads was verified on the basis of "Dziennik Handlowy". The road geometry was obtained with the help of selected assumptions of the retrogressive topology method. However, the reverse order of data acquisition was used for the analysis (fig. 7) . The input data was the image of the road network based on the Heldensfeld's Map of Western Galicia. The first verified element was the number of road connections between selected localities. If there was only one option of road connection on the map, then the course of the road was verified using later sources: the Quartermaster's Map, and the MGI Tactical Map.
If a road section had the same or very similar course in all sources, a record (of the road section) was added to the spatial database. However, if its course significantly differed between maps, the road geometry was verified on the basis of the Terrain Digital Model. Finally, the verified geometry of the road section was confirmed in the spatial database ( fig. 8 ). If there was more than one possible variant of any road connection, the route was verified with the help of data from descriptive and car-tographic sources in order to select the most likely course of the road and carry out the geometry verification process in a manner described in the previous example, ultimately confirming it in the database.
Conclusions
The methodology and research procedure presented in the article has been used to recreate the layout of the transport network on the basis of diverse sources. The analysis has been based foremost on descriptive and cartographic sources which allowed to accurately reconstruct both the main roads' network of the Lublin Voivodship in the second half of the 18th century (end of the Old Poland period) and the location of various transport facilities ( fig. 9 ). This process required verification and supplementation of information from different type of sources. Adoption of this approach was motivated by the limitations of the available sources, which in the case of maps meant insufficient precision, inconsistencies between representations of the same roads whose courses changed depending on the seasons, and generalisation resulting from the scale of the map (P. Cebrykow 2017). The use of GIS tools made it possible to compare diverse sources and develop a method for their verification.
